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Abstract

Visual Key Image Retrieval using

Object Extraction based on Saliency

RYONAI Ayumi

Image retrieval system, which enables users search images of unlabeled objects
without having any similar images is important while a number of images on the Inter-
net increases every dayl Visual key image retrieval (VKIR) is a system that displays
several characteristic images called visual keys as search queries for users. Thus, users
can retrieve images without having similar images. We propose VKIR using salient ob-
ject detection as a preprocessing. This method produces cropped salient object region
images. These segmented images are used to extract features for visual key selection.
We evaluate the proposed method by a subjective experiment using ImageNet dataset.
Our experimental results show that our method improves the accuracy from 21.3% to
23.5%, the recall from 11.4% to 16.2% and the F-measure from 14.8% to 19.2%. The

results demonstrate that our system improves the performance of VKIR.

key words content based image retrieval, visual key image retrieval, salient object

detection

—ii —



HRN

010

020
2.1

2.2

2.3

030
3.1

3.2

3.3

3.4

040

4.1

0 s50

g

gooo

231 Lr*e*p*000 ... ... ...

ggodouooooobbboboooooo

00000 Salient Objectd . . . . . . ..

gobboooobboboooobbooan

3.2.1 0O0OOOOOOO .. ... ...

3.22 000O0O0OO ... ... ...

323 0OO0OOOOODOOOoOoog ... ..

gooooooooooooooo ...

I

gooo

I

4.1.1 ODODOOOOO ... ...

4.1.2 0000 ... ... ...

413 00 ... 0 0.

HEN

— iii —

10

11

13

14

14

15

18

18

18

19

20

24



RN

g

goon

—iv —

25

26



HREpN

2.1

2.2

3.1

3.2

3.3

3.4

3.5

3.6

4.1

4.2

4.3

4.4

4.5

000000000000000000 .. .0 v e e 5
Ward DOOOOOO000 © o oo vt e e e e e e e 7
D0000000000000000(a) 00000 (b)Felzenszwalb O

ubogoboodgpoooooboobobooobooboobuooboon
O0(c)0000000O0O0OO0OO00U00O0OD0ODODOOODOOOOOOOOO
(d)SaliencyCut 00D 0D000OO0OOOOOOOOO ... ... ... 11
000000000000 00000U0UbOU(d)0ODOO(M)OOoDO

0D0000000()000000000000(d) (¢)000000000

I 13
I I P 14
N 0 AP 15
I 0 16
I I O 17
I I I 19
I I I 20
N P 21
oo0oobooboobooboobogooboooFrFO 00 oo oo 22

I I I 23



010

L] [

O00000OImage Retrieval 1D 00000000000 DOCOOODOOOOODODOO
gboboobobooboobobooobooooboboobOoboooboboobobo
oooobobbbOOooooooooobobobobbbbboooboooUoUoobDoboDbUoo
go0ob00o0obO0oobOo0obOo0obo0obOoob0obDo0oboobOoUobbOOo0obDOoODbo
000000000000000000000D [1]0o000000O0O0000O0ODOO
O0000000O0D0OD0OO0o0O0O0ooobOoDbDOo 2009000 1,798TBOODOOO2003 0
031 3TBO0O0O0ODOOD6O0O0O0O0 800D00D0ODODOODOODOOOOODbDODODO
000000000000 D0200200 45000 20080000 200 890000000
0O [1j00000000000000000000000000000000O0D0O00O0
opooooo

0000000000000 0000 Text-Based image retrieval 0 000000000
goboboo0obOooboobobooobOobobOobboobooboobobDoobDOooDbo
000000 2000000000000 0000000D00O0DO0OOO0ODDOO0OO
gbooboboooboooboobuooboobOobboobobobDooboobOoobo
ooooboboOo0ooooooobbooooobobbbooooooUooobobbboooo
gbobo0oboobooboboooboobobboobDooboobUobDoobDOoUobo
gboboobooboobobooboobobbobooboobobbobOoobo
000000000000000000000000000000000O000O000 (3
ooboo0obobooboboooboboooboboooboboobobboOoOoo1992000

000000000000 DO Content-Based image retrieval (CBIR) 00 O [4]0 CBIR O



0000000000000 00000000oooooCBIROODODOO0OODOOOoooOoo
goobobobdooooobobobbooooobobboooobObboooooboooOoo
oooobobooo ooboobDOoboobOOoboDOoboooOobDOoboobooobDobooboog
gobobooboooooboobooooobobbooobbobuoooobbbooouoboobobooon
gobobooboooobobobuooooobbooooobbooooubbbooooooo
goobooobobobooboboobbbtbdidddli Lo O
goboboboboooobobuoooobbooonoood
gobobbooooboobodooooobooooboboooobbbooooobobobooon
00000000000 000C00O000D00ODOOsalient object0 00 O0O0O0OODOOOO
Salient Region Detection 0000000000000 OCOO0O00O00OCOODOOO0OO0OO
gobbobooooboboogon
02000000000000000D0ODOOOODOO3DO0O0UO0ODbDOOOODObDO
O00O0ob0o0o0O0oobOO0bOoO0obOOobOOoboooO0bOOobooboOoob 40b00bOoOoboo

gbo0oo0obo0oboobobooboobbOo Ss00boobUobDooboob



[ 2 [

HRERERE

ggobboooooobbooooobbooooobobobooooboooooobon

uono

e Text-Based Image Retrieval (TBIR)

e Content-Based Image Retrieval (CBIR)

TBIROODODDOODODOOOOOOODODDODDODDODDODOOOOOOOOOoOooDoDoODODOO
godoboobooooooboooooooobooonooobooooooooooboon
oo ooooobouoooooooooon
Google Image Search 00 0000000000000 DO0OOOOTBIROOOOOOOO
oot oooob b boooooooooo
0000000000000 0000o0Do0oooooooCBIROOODOOODOOOOO
gddoooodooooboouoooooobouooooooboouoooooan
ggoooobobbbbbooooooooouoobob b b oooouoobo
ggodooooobbobboboooooooouougooo

OO0O0CBIROODODOODOODOOOOOOODODOOOODOOODODODOOOOOOOO
ouvlID000 3000000000000 5o

gobobooodgooo

l. Job0obOoobooboboboobooobooo

2.0000000000DOO00OO0O0OWardO00O0ODOODOODO



21 00OO0O0OO0OODOODOOOODODOO

3. 0000000l 00000000oooon

gobooodad

21 00000Ooooooooooboon

00000000000000200600 Serata00000000000000O0O [6]00
gobobboooooobooooooobbooobobobuoooobbooouobobbooon
gobbooboobodooooobbooooobbooooobbbooodubbboooo
goooobooooobboooooobbobboooooobbooooobobobbooon
gobobobooooboboboooooboboboooboobuoooobbooouooboboogn
gobobboooooobooooobbbooobobobuoooobbbooouobobobooaon
dddddooobbobobbobbbbbbiddooooo oL LoD DO
gobobobooobobbuoooobobbooobbboooobbboooubDbboogo
gobboboogoooboboooouooooboboooooobobooooobobooogn

uogbooboooooboooooo

22 UO0Uooooon

goobbooobobooooobbuoooobbboooobbbooobLbboooo
goboboboooobobboooobobbooobobboooobbboooubDbbooOoo
gobboboooobooboooooobbooooooooobobboooooobobooogn
gobbbooooooboooooboooaon

gobobbooobbbooobobbooobobobuooon

e 0000 DOODODOODOODOODODOODOODODOWard O
e Centroid-based clusteringl] K-means 0

e Distribution-based clustering



22 00O0OODOODOO

Visual Key _~~
\

T OSRBYVY

BEXMSL

021 00000O0O0O0O0OOOODOOOOOO

Density-based clusteringd DBSCANO OO OOOOOOOOOOOOO

Affinity Propagation

MeanShift

Spectral Clustering

Agglomerative Clustering

Birch

000000000000000000 WardO [7)0000O0O

2.2.1 Ward O

O00o0o0ooWadOOOOOOOODODOOOOO0ODODOOOOOODOOOOoOOooO
gobobooboodooboboobobbuooobobboobbbooobbooobbboooo

ggooooobobbbbboooooooouooobobbbooooooouooo



23 0O0O0OOO

00000000000000000000000000000000000000000
O00000O0Kmeans 10000000Kmeans 10000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000 WardO0DOODOOODOOOODOO
00000000000000000000000000000000000000000
00000000000000000000000000000000000000 2100
ooooc,Oo C¢,000d,,00000000C,0C, 0000000000000
0 Var(C,,NC,) 000000 C,,, C, 000000000000 Var(Cy,), Var(C,) O
000000000000000000

ooooo

dpn = Var(Cy, UC,,) — (Var(C,,) + Var(C,,)) (2.1)

WardOOOOOOOOOOOODODOOODOOOOOOOOODODOO0ODO 220000

1. 0000000000 b0ooOob0ooDo0obo0b0oDoobOoobooDbooo

2.0000000000DO0ODOO0OO00DOODObOOD0ODOODODbDOObOODODObOO
oboob1b00b0oboo 2000000

3. 000b0o0boboooboobuobbo 10200000

4. 000D0000DOO0OO0ODOODOODOOODODO

5. JO0ODbOOO0O0OOODbObOOOOODbOObOUOOODbDObDOUObOUODODbDOO

6. 00JoboOo0oboobooobobobooboooboobobooobobobobooobooob

23 0O0O0O0OO0

goobtbooobobbodoooobbuoooobbbooobbbooUbLbboooo
gobbobdooooobbooooubbooooobdoobDb bbb bboooOoo
gobbobooooboobobooooobobbooobobbuooooobboogooboboobuoogn

gobboboogooboboooooooobobooooobbooooobbboooon



23 0O0O0OOO

® G
©)

G @

1. RIS ERE 2. 2 THOERMOEMEEHL
193RBEHTET —BEVHEIIFRBITEEDD

3. HLWISREL TR OEMES B4 50
HETS 4. BHSASEADEROFT
“EELHERDHS
5. FILESIZHSREDHEE 6. RTOERMN120
2THHISAZHE O EEHD DSAREEES-HET
BHEERYET

022 WardOODODOOOOO

gobobboooobooboooobobboooobobbuoooobbooouoboobobuoogn
gobobooooboboooooboooobobboooooboboa

gooboooooooo

e 00000 Local Binary Pattern (LBP)]8]



23 0O0O0OOO

Microstructure descriptor (MSD) DD OO O0UOO0OOO0O0O0O0OO0OO0OOO0OOOOO (9]
e Global correlation descriptor (GCD) 0000 00O O [10]

e ORB

Spatial position (D OO OO)

Color-auto-correlogram (RGB)

Gabor wavelet

Wavelet transform

0000000000000 L*y" 0000000000000 0000O000oooon

23.1 L0000

L**p* 000001976 00 0000000CIEDODDOODDOODODOODOOODODOO
0000000000000 0000DO00oooooooRGBOODOOO CMYKOO
000000000000 0D00000000000000L** 0000000000
RGBO CMYKODOODOOOODODODOODODOOODODDODDOOODODODODOOOOODOOOO
O0000000O00DOOo00ooO0ooDOoOoO LOooOlCe*OOPrOoDOOO -128
O12r00000000o00bO0bO0boboooooboooOoboboboooooooo

obooboo 20000

V(AL*)2 4+ (Aa*)? + (Ab*)2 (2.2)

goooogo

gobobbooobbboooobbboooobbbooobbbooono



30

Jgooooboobobooddd
HRERE

gobobbooooobobbodoooooboooobobboooobbboooobLobobooon
O Salient Object0 000 0000000201500 ChengDOOOOOOOOOOO [11]
0000000000000 00000Cheng0 00000000 DOOOODOODDOODOO
goobbobooouooooooobooooboboboooobobboooobon

aooo

3.1 0O 0000Salient Object

Salience 000000000 DOO0ODOODOOODOOOOOODOO198 00 KochOOO
0 [12)00000000000000000O00D0O00DO0O0DDO0O0ODOOODO
O0000O00O0OOsaliencymap0 00000000000 OOCOOODODOOODDOO
000000000000 0D00O0DO000C0DO00“0000O0000ODO0 saliency
ggodoooobooboboboboboboboboobobbbbbbooooooooooLooooon
OO000o0O0ooO0bO0obOobO”bO0b0bO0dbobO0obO0obOoOooooOobDOooDOooOooDo
goobooooboboooobobboooooboogn

0000000000000 000C0Robinson 00000 19920000000000
000000000000000 salience 0000000 [13]00000000000O0O

O0“0000000bO0DO0Ob00O0bO0bO0OObO0ObDU0OObO0ODODOoObODOobbOO



3.2 000DOO0O0OO0OODOObDOoOobOOobDOoDO

00000000000 0000D000000000 salient 0000000 ODOOO” O
gogoobooobodoouooboobooooouoobooouoooooon
OOoooDooboooog

0 O salient (salience) 0000 0000000000000 0O00O0ODO0OOOOOOO
00000000000 Salient Region Detection 0000000000 O0O0OO1998 0
O Itti0 00000000 saliency based scene recognition 0 00000 [14]000000
O0 saliency map 00 000000000000 O0D0OODODOODOOOO OO orientationd
00000000000 0000000D0saliencyD000OO0OD0OO0ODOOODOOODOO
O0OO00O00O0OD 600DOD0DOOO 120000000000 240000420000
000000000000 000O0ShenO 00O [15)00000region0 0000000
object 0000000000 ODOODODODODOOOODOODOODOUDUODOOODOD

uobobbooooboobbooooboobooboooobobboooobbbooogobooog

3.2 UU00OU0OUuOoobobuooouooo

go0booobobooobobooobobbooobobboobobb2009000bbO0OO
OO0 [6JD00000000000000000O00D00O0O0O00O0D0OLOOUDOO
gobbboooobbboooobobbooobbbuoooobboooobobboogn
O000000000000000D00201500 ChengOOOOOOOOOOODDOOO
00000000000000000000 [11]j0000000000000000000
0000000000 00000000 9% 00000000 FOOOODOoOoooooo

ggodoooooobobbbbon

l. 00b0obooobooobooboboooboobon

2. 00000 GrabCut[l7)0 00000000 SaliencyCut

goooooog

— 10 —



3.2 000DOO0O0OO0OODOObDOoOobOOobDOoDO

3.2.1 OJ0O0OO0OOOOOO

gobobbooobbodoooobbuoooobbboooob bbb bboooo
goooo

000000000000000000000000000 [Booooooooooo
0000000000000000000 31()0000uooo 3.1(b)00oooono
O000OFelzenszwalb 0000000 [1990000000000000O0O0OOOOOO

O00D0000D0000000 6=050k=5000min=20000000000

© @

031 00000000000000000(a)00000O (b)Felzenszwalb 000
00000000000000000000000O0000D0000O(c)D0O0O0OD
0000000000000 000000D000000(d)SaliencyCut00000O0O
oooooobgoboooo

— 11 -



3.2 000DOO0O0OO0OODOObDOoOobOOobDOoDO

0000 (3.1) 0000000000000 0saliencyD0000000000OOOOO
000000000000000000000000000000ws(r,) DOOOOO

gobgobogoboooooboooboobobbobooboooobooooboboon

DS(T’k,Ti)

g2
O

0000000000000000000000 —e20000000000000000

exp( )00000000000000000000000 Dy(rg,r) 00000
00000000000000000000000000000000000000000
D0w(r,) 000 70000000 (r) 00000000000000000D,(rg,7)
0000000000000000 (3.2)0000000000000000000000
00000000000000000000000000000000000000000

000000 f(a1,:) 0 f(ep;) 0000000000000 O0O0OODOO

Ds(rg,r;)

S(re) =ws(re) Y e % w(r)Dy(rg,m) (3.1)
TRAT;
Dy(ry,7r2) = Z Z fle1,i) fe2,5)D(eris c2 ) (3.2)

i=1 j=1
oooooooood 3.1(0)DDDDDDDDDDDDDDDDDDDDDDDDDDD

O000GrabCut 00000 SaliencyCut 0000000000 OCOOO0OOODOOOO
O000000000GrabCut 0000000000 O0ODOO0OOODOOOOODOOOOO
0000000000000000000000 [17)0 SaliencyCut 0 O Grabcut 000 O

ooboobooboobOoboooooboboboooDobobooboob 2000bObOOO

l. 00ooO0O0oo0bOoO0bOO0o:ooboo0b0o0obob0b0o0obobOb0o0bLD0 I, Obhooooo
gooboooooon

2. 00000000000000000D00O0O0O: 00000000 GrabCutOOOOO
gogobboooooooobboooobobbboooooobbooooobobooboo
gogbobbodoooooboooobbboooobobobuoooobbbooouboboo
gogbobbdoooboboboooobbboooobbbuoooobbbooubbboo

ggooooobbbbbooooooooooboobbbon

- 12 —



3.2 000DOO0O0OO0OODOObDOoOobOOobDOoDO

000000000000000000000000000000 3.1(d)ooooooo
000000000000 github20)0 Cheng0OO0DO0OOD0O0ODO0OOOODOOOOO

gobooooogooon

3.2.2 0O0O0OOOO

gobobtbooobbbodooobbuoooobbboooobbbooUbLbboooo
gobobboooobboooobood
000000000 320b)000000000000O00 32() 00000000000

0000000 32(c)0000000000000D0O0O0O0UOO0O0UOODOOOUOO

© @

032 0000000000000000DO000000(:)00000(b) 0000
00000D000(c)000000000000(d) (¢)00000000000000

0000000000000 00D0000000D000ULO0D00DOoUDOOOD 3.2(d)oOoO

- 13 —



3.3 0000OO0DOO0OO0OOODOODOOO

gobobooboboooobbbooobbbooobbbooon

3.23 000OOO0ODDOOODOOO

ggooobodoooobbooooouooobobbooooobbbooooooobon
aono

03300000000000000000O0ODUODOD0OODDODODODOOO 34
gobbboooobbbooooobobboooobbbuooonobboooobbboogn
O0oo0o00o0o0o0oO0o0obo0obO0obO0obOobO0bDO 30b0obOobUo 120000DO0D0O
gobobbooooboboooobobbooobbbuooobboooubLbbuooOon

oooboooooooo

033 00000000 0DOOOOODO

3.3 Uddooououuooooooon

Cheng 0DDOO00ODOO0ODODOOOOOUODOOOODODOODDODOODODODOODOOOO
gOoobOO0obOooO0oobOooO0oOobOobOooUoobOOooOUoobOobDOobooobOoDbOoo 35

obooboobooboobo ssebopobobobobobooboboboboobuoobo

— 14 —



34 000O0OOO

034 0O0O0O0OOOOODOOOOOOO

OO0 1000000000000 00000DOO0ODOOOObOODbDOobOOObOODOn 46

goooo

3.4 0OOUogog

ggbboooobbooobobbobooobbobooooobbooobbobo
OooooooboobooboobooobobobooboobDboOobDbOOnD 128 x 128
[pixel] 00 0000000000000 00O0O0O0OOOOOOOOOD 1000000000
gobobbooooobooboooooobbooobobbuoooobboooobobobooon
O00000000L**y 0000000000000 00000000O000O0O0ODOO

000000000000 0000 o0 00000 8x80640000000ODODO

— 15 —



34 000O0OOO

< SEA-TAC AIRPORT

035 O00OO00O0OOOOODO

000000064000 L*e*» 000000000000 0OO0WardODOOOOODODOO
o0bo0o0ob0ooobo0oboo0oobboOo0ob 20000000000 DODO0ODO0ObODOO
gobboboooobobobooooobobboooobobboooobboogoobobobuoogn

gooboboooooood

— 16 —



34 000O0OOO

036 0000O0OOOOODOOOO

— 17 —



(1 4[]

HRERERE

ooboobooboobooooob 3oboobooboOoboUoboUooboOobooboOoDbOoboo
gobobboooboooooooobboooobobbuooooboboooubobobooon
00oo000obOO0obO0o0O0ooO0oO0oO0b00b00obOoU0O0bDO0ODO FODODODOODODOO
gobobobtbooooobobuooooobbtooooobboooouboobDbbooooo
gobobboooobooboboooooobbooobbbuooobobooooboobobuoogn

OO0O00obOOorFDOOOOODOODOOOOOODODbDOObO

4.1 0UO0O0OOOO

goboboboooobobboooobobbuoooobbboooobbbooubLbboooo

gogooooooobbbbbooooooooouoobooobbobobbbon

4.1.1 0O0O0OOOOO

0000000000000 0000O0 ImageNet2l) OO0 OO O 0O O Chick
01017920420, Egell n078408040, Elephantl] n025035170, Farm building n033225700,
Horsel n023744510 , Parrotd n018168870 , School bus n029241160, Street sign
On0679411000 S O0O000O0OD0DOO 2000000000000 0000D0OOO0ODODOO
O00000000 Wordnet IDODOODMOODOOODOODOOODODO 4100000 4.20
0004300000000000000000O0000O002000000000 O 4200

goobooogboobobouoobouooboooboobooboboobbboobon

— 18 —



4.1 O00OOOOO

Chick
Farm building

School bus

Horse
Parrot

041 00OD0O0O0OOODOODOO OO0 ODOOOoDOOoOooOOooo

Oo00o 4300000000000 0000O00DO0ODOODODODODObODODbDOObOObDO
O000e60000O000O0OO0OODOODOOODODODODODODODODODODnO
oboobooobooboobboob 200b0o0bO0o1b00b0b0o0 1b0bobDboobo
000000000 DO0DO0ODOO00OO00OO0O0 1000D00D 410000000 1000
goboboooobboooobooboooooboooooboboooooboobooo
gobobbooooboobboooooobobooooobobboooobbboooobobobooon
gobobobooooobobooooobobbooobbbuoooobboooubLbbuooOon

gobobobobooouobbbooobbbooobbboooobo

4.1.2 0O0OOO

ugbobtboooooboooooboboooobbboooobobboooobLnbLbooon

OO0d0O0o0bO0o0ObO0bO0o0obOOobObOobO00ObOO0oOoDbDObO FODOODOOODOODO

— 19 —



4.1 O00OOOOO

17 18

042 00O0O0O0OOOOCOODOOOOOCOODO

00440000000 80000DO00DOOOOOODODOODODODOODOOODDOOO
ooooooooob o21300b0b00D 01400000 0D0ODODODODODO
000230000000 0162000000000 D000DO0O00O0DDOODDOODDO
gobobobooobobboooobbbooobbbuooobbboooubbbooOoo

coboboboboobobooooboobobooooboobobn

4.1.3 OO

ggooobobobooooobbbooooobbboooobbboooobbboooo

oo0booo0obbo0obobOoo0obooobDboooooDboooobDbOooooD 20

— 20 —



4.1 O00OOOOO

N

17 18

043 00O0O0O0OOOOODOODOOOOODO

ooooboboo 4s000000bobobobooobooooboboboobooo
gobbobooooboobbooooobobbooobbbuoooobbooouoboboboogn
ggodguobobboooooobobooooobbbooouoobbooooouoobon
oboboobooboboooboobOobooobobooobobobobobo 8UUubO
gbooboboobooboobooboobooobobboboobooboobo
gobooboooooboobooaon
gogbobbooobobodoooooboooobobboooobbboooobLobobooon
O0000000000000000000000000000000 30%0000000

oobobbooobbboooobobboooobobbooobbboooooo

— 21 —



4.1 O00OOOOO

0.25 0.235
0.213

0.2 0.192
0.162

0.148
0.15

0.114 w7 L
0.1 O3t D

0.05

BER BREX FfE

044 000O0O0OO0OOODOOOOOOOODOOODOOFRFO

— 22 —



4.1 O00OOOOO

250

i

% 100‘
L .
ol L.

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19

DR3BS

o

700
600

o
m 400

7"d'-: 300

L, 200
100 I I I
, Anl AN I |

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19

DIR3BS

045 00O0OC0COO0OODOOOOOODOOOOODODOOOOO

— 23 —



50

L] [

gobbboogobobbodoooooboooobobboooobboooooboobooon
dodddooooouooboooooooobobbbodddouduooooooooo
oboboooboobobouoobOob s0bU0bb0O0ObUObDUOObUObDUOObOobDOODbO
gobobobooobobboooobbbooobbbuoooob bbb boogo
gobbboogoobobboooooobboooobobbuooooboboooubobobuoogn
gobobboooobooobooooobobbooobbobuoooobboooubLbobuooon
goboboboooobobbuoooobbbooobbbuoooobbboooubbbooOoo
goboboboooobobboooobobbooobbboooobbboooUbDbbooOoo
gobbobooooboobooboooooobbooobbbuoooobobooooobobobuoogn
goboboboooobooboobooooobobbooobbbuoooobboooubobobooon
goboboboooobobboooobbbooobbbuoooobbboooubbbooOoo
gooboooobbooaon

gobbboogobbbooooboobuoooobbboooobbboooobobooon
gobobobooooboboboooobobboooobbbuooooboboooobooboboogn

ooobooon

— 24 —



HRN

ggooboobobooddoo bbb bhbbooooooobobbbbbuooooooo
gobobobooobobbuoooobbbooobbboooob bbb bboogo
gobbbooooboobooboooooobboooobobbuoooobobooouboobobuoogn
goboboboooboboooobooboooboboboooobobooooobobooo

gobobtbooobobbodooobobobuoooobbbooobbbooUbLbboooo
goboboboooobbboooobobtbooobbboooobbboooubDbboogo
gobbooboogooooobboooooobboooooobboooooobobooogn
gobobobooooboboooooobobbooobbobuoooobbooouobobbooon
goboboboooobobobooooobbobbooooobbbooooubbbooooo
gobobbooobobboooobbtbooobbbuooubboooubDbboooo
gobbboooobobboooobobboooobobbuooooobboooobbboogn
gobobboouoooobobboooobbboooobooboooooboa

uogbobboooobobooooobuoooobobooan

— 25 —



L]

1]

HRERN

00000DbOO00DbOOo0oOo0oOooDDbOOo0oo“cbo0oboooooOooboOooooa
ooooooooooa,”
http://www.soumu.go.jp/iicp/chousakenkyu/data/research/survey/telecom
/2009/2009-1-09.pdf, (O O 2017-02-09).

Chang, Ning-San, and King-Sun Fu. “Query-by-pictorial-example,” IEEE Trans-
actions on Software Engineering, vol. 6, pp. 519-524, 1980.

Karpathy, Andrej, and Li Fei-Fei. “Deep visual-semantic alignments for generating
image descriptions,” In Proceedings of the IEEE Conference on Computer Vision
and Pattern Recognition, pp. 3128-3137. 2015.

Hirata, Kyoji, and Toshikazu Kato. “Query by visual example,” In International
Conference on Extending Database Technology, pp. 56-71. Springer Berlin Heidel-
berg, 1992.

Rui, Yong, Thomas S. Huang, and Shih-Fu Chang. “Image retrieval: Current tech-
niques, promising directions, and open issues,” Journal of visual communication
and image representation, vol. 10, no. 1, pp. 39-62, 1999.

M. Serata, Y. Hatakeyama, and K. Hirota, “Designing Image Retrieval System with
the Concept of Visual Keys,” Journal of Advanced Computational Intelligence and
Intelligent Informatics, vol. 10, no. 2, pp. 136-144, 2006.

Ward Jr, Joe H. “Hierarchical grouping to optimize an objective function,” Journal
of the American statistical association, vol. 58, no. 301, pp. 236—244, 1963.

T. Ojala, M. Pietikinen, and D. Harwood, “Performance evaluation of texture
measures with classification based on Kullback discrimination of distributions,”

Proceedings of the 12th IAPR International Conference on Pattern Recognition

— 26 —



gooo

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(ICPR 199/4), vol. 1, pp. 582-585, 1994.

Liu, Guang-Hai, Zuo-Yong Li, Lei Zhang, and Yong Xu. “Image retrieval based
on micro-structure descriptor,” Pattern Recognition, vol. 44, no. 9, pp. 2123-2133,
2011.

Feng, Lin, Jun Wu, Shenglan Liu, and Hongwei Zhang. “Global correlation descrip-
tor: a novel image representation for image retrieval,” Journal of Visual Commu-
nication and Image Representation, vol. 33, pp. 104-114, 2015.

M. Cheng, N. J. Mitra, X. Huang, P. H. S. Torr, and S. Hu, “Global Contrast Based
Salient Region Detection,” TEEE Transactions on Pattern Analysis and Machine
Intelligence, vol. 37, no. 3, pp. 569-582, 2015.

Koch, Christof, and Shimon Ullman. “Shifts in selective visual attention: towards
the underlying neural circuitry,” In Matters of intelligence, pp. 115-141. Springer
Netherlands, 1987.

9

Robinson, D.L. and Petersen, S.E., “The pulvinar and visual salience,” Trends in
neurosciences, vol. 15, no. 4, pp.127-132, 1992.

L. Itti, C. Koch and E. Niebur, “A model of saliency-based visual attention for
rapid scene analysis,” in IEEE Transactions on Pattern Analysis and Machine
Intelligence, vol. 20, no. 11, pp. 1254-1259, 1998.

Shen, Xiaohui, and Ying Wu. “A unified approach to salient object detection via
low rank matrix recovery,” In Computer Vision and Pattern Recognition (CVPR),
2012 IEEE Conference on, pp. 853-860. IEEE, 2012.

Y. Shiozaki, and S. Yoshida, “An Attentional Region Detection Method for Ex-
tracting Visual Keys in Visual Key Image Retrieval,” International Conference on
Next Era Information Networking, pp. 231-234, 2008.

Rother, Carsten, Vladimir Kolmogorov, and Andrew Blake. “Grabcut: Interactive

foreground extraction using iterated graph cuts,” In ACM transactions on graphics

— 27 —



gooo

(TOG), vol. 23, no. 3, pp. 309-314. ACM, 2004.

[18] P. Felzenszwalb and D. Huttenlocher, “Efficient graph-based image segmentation,”
International journal of computer vision, vol. 59, no. 2, pp. 167-181, 2004.

[19] Image Segmentation, http://cs.brown.edu/ pff/segment/, (O O 2017-02-08).

[20] GitHub - MingMingCheng/CmCode: Ming-Ming Cheng’s open source projects,
2016, https://github.com/MingMingCheng/CmCode, (O O 2017-02-08).

[21] “ImageNet”, http://www.image-net.org/, (0 O 2017-02-10).

— 28 —



